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Abstract

A MATLAB® program that examines patterns of state-space occupation is described. Four subroutines are available
with which to visualize morphospace patterns: (i) in terms of their features such as dispersion, aggregation and location,
thereby allowing users to extract complementary quantitative information about how the state-space is structured, and
(ii) in terms of changes in those patterns that can be compared with other biotic (e.g., extinction, origination rates) or
abiotic (e.g., environmental proxy) information. The program incorporates many of the latest and most widely used
statistical parameters for describing multivariate spaces. The parameters are estimated on the basis of bootstrap
resampling or bootstrap rarefaction procedures. Applications based on stochastic simulation of the evolution of
monophyletic clade (using m-file contained in the help folder of the MDA program) are presented so as to illustrate the
program’s various options. The versatility of MDA allows the most interesting patterns to be extracted rapidly from

data and the program to be applied readily to a wide range of state-space problems.

© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Over the last decade, many macroevolutionary studies
have focused on the development and the utilization of
the morphospace-disparity framework (Foote, 1991,
1993, 1994, 1999; Wills et al., 1994). Likewise, the
utilization of morphospace in microevolutionary studies
has become widespread (de Vargas et al., 2001; Norris,
2000; Renaud et al., 1996, 1999). The notion of
morphospace is related to (i) representation of elements
of whole organism, or (ii) representation of samples of
overall morphology in a uni- or multivariate state-space
(Eble, 2002b). However, considering the nature of data,

*Code available from  http://www.u-bourgogne.fr/
BIOGEOSCIENCE/NNavarro/MDA _prgm.html, or http://
www.iamg.org/CGEditor/index.htm

*Tel.: +33-3-8039-6382; fax: +33-3-8039-6387.

E-mail address: Nicolas.Navarro@u-bourgogne.fr
(N. Navarro).

several dichotomies have been underlined and some-
times contrasted and various concepts have emerged
such as theoretical and empirical morphospaces
(McGhee, 1999; Eble, 2000b, 2002a), hybrid morpho-
space (McGhee, 1999), developmental morphospace
(Eble, 2002a), or theoretical design space (Hickman,
1993).

The methodological framework of morphospace-
disparity has been used to track changing patterns of
morphological differentiation among taxa and to
evaluate the influence of developmental and morpholo-
gical constraints on evolutionary radiations (Eble,
2000a, 2002a; Foote, 1991, 1993, 1994, 1997, 1999;
Jernvall et al., 1996; Lupia, 1999; Smith and Lieberman,
1999; Wills et al., 1994). This framework seems readily
transposable to the identification of patterns of mor-
phological change in species lineages. In both cases,
these analyses provide a time signal that can then be
compared with other intrinsic (e.g., diversity) or
extrinsic patterns (e.g., environmental proxy) and so
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guide the search for potential causal factors. The
morphospace-disparity framework is currently a major
area of inquiry in paleobiological studies.

All of the routines used in developing the morpho-
space-disparity concept have been user-programmed
and intended for specific purposes (i.e., just a few
descriptors used for just one type of analysis). This
MDA program, however, proposes four major modes of
investigation incorporating the majority of estimators of
morphospace occupation (location and dispersion)
found in the literature. MDA runs under MATLAB®
with a simple text user-interface. MATLAB® is a
product of MathWorks, Inc. that integrates a high-level
language based on functions, mathematical computing,
and visualization providing a flexible environment with
an open architecture for data exploration.

Although it was developed initially for investigating
morphospaces in macroevolutionary theory, the MDA
program can be extended to other areas of research in
the geosciences or biosciences that use the concept of
state-space for investigating data, such as ecological
spaces (Jernvall and Wright, 1998), environmental
spaces (Jackson and Overpeck, 2000), geochemical
spaces and others.

2. Disparity metrics, estimation and analysis
2.1. Disparity metrics

MDA routines are designed to operate either on
continuous variables obtained from multivariate ordina-
tion—such as principal components analysis, principal
coordinates analysis (PCO), and correspondence analy-
sis—or with the raw morphospace (i.c., without ordina-
tion) of continuous characters. Procedures for studying
discrete characters such as character-state combinations
(Foote, 1995, 1999) are specific and problematic to
compute. Therefore, no procedure has been included for
studying such characters. However, a set of discrete
characters can be analyzed by using scores obtained
previously from a PCO of a Gower-transformed
distance matrix (e.g., Foote, 1994, 1999).

For continuous data, numerous methods of quantify-
ing morphospace occupation have been proposed: mean
Euclidean pairwise distance (Wills et al., 1994), median
pairwise distance (Wagner, 1997) or the mean Euclidean
distance between specimens and the subspace centroid
(Wills et al., 1994), the sum of the square distances
between specimens and the overall centroid divided by
(N — 1) (Foote, 1993), the morphospace occupation
counted as cells occupied in subspace (Foote, 1992;
Dommergues et al., 1996), the sums of variances or
ranges (Foote, 1991; Wills et al., 1994; Eble, 2000a),
range as the maximum Euclidean pairwise distance
(Ciampaglio et al., 2001), hyper-cuboid or hyper-

ellipsoid volume (Wills et al., 1994; Foote, 1999), convex
hull volume (Foote, 1999), and PCO volume (Ciampa-
glio et al., 2001). Many of these metrics are available
with MDA (Table 1). However, despite this wealthy
literature about methodological development of metrics
and their applications, few have really systematically
compared the behavior of the different metrics to
variation in the data structure (see Ciampaglio et al.,
2001).

Alternatively, various distributional parameters
(mean, median, modes, skews, minimum and maximum)
have been used to detect and distinguish long-term
trends in the evolutionary history of clades (McShea,
1994; Roy et al., 2000; Wagner, 1996). Minima and
maxima quantify the extreme poles of morphospace
occupation, while other parameters reveal events relat-
ing to the central trend. Accordingly, minima and
maxima reveal the expansion or contraction of space
occupation. So, in a macroevolutionary framework, say,
they correspond to morphological innovations resulting
from the appearance of new species, or to the loss of
morphotypes resulting from species extinction. Hence, in
addition to the 10 metrics relating to dispersion, two
additional estimates of location are available: they are
the minimum and the maximum of each component. For
examples of how to utilize these parameters see McShea
(1994).

2.2. Bootstrap, rarefaction and estimators of metrics

Because observed values of disparity metrics are
sample dependent and are biased by the experimental
procedure, an estimator and its associated standard
error may be computed by using bootstrapping (Efron
and Tibshirani, 1993): data are randomly resampled
with replacement, and the mean and standard deviation
are then calculated. The standard deviation then
provides an estimate of standard error, which, in
paleobiological studies, essentially reflects an estimate
of analytical error (Foote, 1993; Eble, 2000a). The user
chooses whether or not to calculate a confidence interval
(CI) for estimators. This CI is based on the percentile
method. The user determines the number of bootstrap
resampling iterations (no default number of replicates is
predefined). When using the mean with its standard
deviation as an estimator of standard error, 200
replicates may be a “good” minimum value (standard
deviation tends to have stabilized at this value, but this
depends on the data), and this number may be increased
if a CI is chosen. For the bootstrap tail test (see below),
at least 1000 replicates are required to achieve mean-
ingful accuracy.

Disparity estimates can be grouped into two cate-
gories: range-based estimates and variance-based esti-
mates (Table 1). Estimates from the first category and
the two location parameters (minimum and maximum
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Table 1
Disparity estimates available in MDA version 1.2
Disparity estimates Analysis Rarefaction  Truncation References
limit*
Range-based
Sum of ranges Sum of univariate ranges SGA, MGA y n Foote, 1991
Root-product of N root of product of SGA, MGA y n Foote, 1991
ranges univariate ranges
Range Range considered as the SGA, MGA y n Ciampaglio et al.,
maximal Euclidean pairwise 2001
distance
Area of convex hull Area of the polygon SGA, MGA y 2 Foote, 1999
described by vertex of the
convex hull
PCO Volume of the number of species SGA, MGA b n Ciampaglio et al.,
2001
Variance-based
Sum of variances Sum of univariate variances SGA, MGA, n n Foote, 1991
BTailTest
Root-product of N root of product of SGA, MGA n n Foote, 1991
variances univariate variances BTailTest
Mean pairwise Mean of the Euclidean SGA, MGA, n n Wills et al., 1994
distance pairwise distance BTailTest
Median pairwise Median of the Euclidean SGA, MGA, n n Wagner, 1997
distance pairwise distance BTailTest
Mean distance to Mean of the Euclidean SGA, MGA, n n Wills et al., 1994
centroid distance between species BTailTest
and centroid of the
subspace
Partial disparity species and overall centroid PDA, BTailTest n n Foote, 1993
divided by (N-1)
Location
Minimum and Minimum and maximum of SGA, MGA y 10 McShea, 1994
maximum each component

#Some estimates are limited either in their computation (convex hull) or in results (Minimum and Maximum).
®Rarefaction is performed by standardization by sample size (see text for discussion).

on each component) are sensitive to sample size (Foote,
1992). To correct sample size dependence, an optional
rarefaction procedure is used (see Foote, 1992; Wills
et al., 1994; Eble, 2000a). For the majority of estimators,
rarefaction is carried out by bootstrapping. The boot-
strapping procedure used for rarefaction yields the same
statistical structure of error for all indices, whether they
are rarefied or not (Eble, 2000a). In contrast, for PCO
volume (Ciampaglio et al., 2001), rarefaction is per-
formed using standardization by sample size following
the initial procedure of Ciampaglio et al. (2001). Results
obtained are similar to those obtained using rarefaction
by bootstrapping. The code can be easily modified to use
bootstrapping rarefaction instead of sample size stan-
dardization for the PCO volume. For the rarefaction
procedure, the user can select the sample size or,

alternatively, can use a predefined sample size that
corresponds to the minimum size observed.

Another procedure is incorporated in the first steps of
MDA that allows axes to be rescaled to their eigenva-
lues. This option may be required where, say, variance
for each component has been scaled to unity (dividing
the initial scores by the root squared of the eigenvalue)
as implemented in principal component analysis (PCA)
by certain statistical packages. By rescaling with the root
squared of eigenvalues, their initial proportion of
variance can be recovered. Such rescaling is unnecessary
when data are derived from PCA with other programs
(such as many PCA function in MATLAB), PCO,
correspondence analysis or from partial warps, because
variances on the axes are then equal to their respective
initial proportion of variance.



658
2.3. Analyses performed

Four modes of investigation are available: analysis of
the temporal pattern of morphological occupation for a
single—SGA—or multiple groups—MGA—, decompo-
sition of disparity between groups, i.e., partial disparity
(Foote, 1993)—PDA-—and a bootstrap tail test—
BTailTest—(Efron and Tibshirani, 1993).

SGA and MGA are the most common studies (e.g.,
Foote, 1991, 1999; Eble, 2000a). Morphospace is
subdivided by temporal level (and/or geographical,
taxonomic group or other criteria) and the disparity of
each subspace is estimated. MGA runs along the same
lines as SGA but covers more than one group.

PDA analysis corresponds to a decomposition of
variance (Foote, 1993). As with MGA, morphospaces
are subdivided by temporal level and taxonomic groups.
In this case, a specific metric is used (Table 1). For each
temporal subspace, the overall disparity is divided
amongst the different groups existing at that time (e.g.,
Foote, 1993; Smith and Bunje, 1999).

The last analysis option corresponds to a bootstrap
tail test. This test has been used for disparity studies in
various situations such as the effect of clade omission on
disparity of Trilobita (Foote, 1993), or the origin of
orders of atelostomate echinoids (Eble, 2000a). Ob-
served disparity estimates of the groups under study are
compared with the bootstrap distribution of the
disparity estimate of the reference group. Because the
number of replications must be high enough to ensure
accurate results, this option is limited to one disparity
estimate. This estimate is chosen by the user in the
available variance-based metrics (Table 1). Range-based
metrics are unavailable because their unbiased estima-
tion (without sample size dependence) requires rarefac-
tion. Thus, observed value of a range-based metric is
biased by sample size. Consequently, this value is not
comparable to its rarefied bootstrap distribution which
is unbiased. Three estimations of probabilities, corre-
sponding to the two-tailed hypothesis and the upper and
lower one-tailed hypothesis, are computed. These
probabilities correspond to the number of bootstrap
replicates exceeding (upper one-tailed test), preceding

Table 2
Example of format of input files
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(lower one-tailed test) the observed value divided by the
number of bootstrap resamplings. For two-tailed
probabilities, the bootstrap distribution is centered and
the absolute values are used.

MDA runs without any function of optional
MATLAB toolboxes. Only two freely available m-files
of R. Bunschoten (distance.m) and R. Strauss (trilow.m)
have been incorporated in the main function of the
program (downloading them is not required). The as-
sociation of both m-file permits a fast calculation of dis-
parity metrics based on pairwise distances, especially for
large sample size, comparing to code previously used.

3. Input files

Input files vary according to the analysis performed
and user choices. For the MDA main function, data
should be at least bidimensional and must be tab-
delimited without headings (Table 2). One-dimensional
or multiple one-dimensional data (each variable is
treated separately and a maximum of 10 variables is
analyzed) can be explored with MDA_1D function
incorporating SGA (mean, minimum, maximum, var-
iance and range of each variable) and BTailTest (on the
variance of each variable) routines. MDA can be used
with default filenames (contained in the MDA prefs
function). Where there are no default files, an input dialog
box is opened. The number of files required ranges from
two to four: (i) the first is for axis coordinates, (ii) the
second for a matrix of presence/absence by stratigraphic
level (or by geographical area, etc., depending on the
subject-matter), (iii) an optional third input file corre-
sponds to a further group file as the occurrence file allows
multiple subdivision of the data file, (iv) the fourth and
final file contains PC eigenvalues. This file is only required
when a rescaling option is selected.

4. Output files and examples

Outputs consist in an ASCII file with its heading
(which is also displayed in the MATLAB workspace)

Observations  Data matrix.txt Occurrence.txt Group.txt Eigenvalues.txt
Variables 1 P levels 1 j L Groupl j G Eigenv.1l j P
1 —0.851 2228 2424 1 0 0 0 o0 1 0 0 2.889 1.768  0.146
—0.949 7.017  —6.161 1 0o 0 0 o0 1 0 0
2.515 8239 —6.562 0 1 1 1 0 0 1 0
i —0.879 11.004 —-2.699 0 1 1 1 0 0 1 0
—2.793 11.970 0.088 1 1 1 1 1 0 0 1
N -2.173 14.0890 —7.431 0 0o 0 1 1 0 0 1
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corresponding to the analysis summary and the user-
choices, with the column headings and numerical results
(Table 3). The first columns of numerical results
correspond to sample size, rarefied size, interval and
group (which is one for SGA). For the bootstrap tail
test, the first columns correspond to the analyzed group
and the observed value of the chosen disparity estimates.
The Save option opens an output dialog box allowing
the user to select a directory and filename. If the
filename is already used, the results are appended to the
prior results. At the end, the option: “‘return to user
main page to run more analyses” or “exit” is displayed.

The program test and examples of output figures
presented here are based on a stochastic simulation of
the evolution of a monophyletic clade. The m-file is
provided in the help folder of MDA (randclade.m) and
is based in part on the Basic code of McShea (1994) for
detecting major evolutionary trends. In our case, to
simulate morphospace patterns, the code has been
extended to two dimensions without boundaries and
with the same probabilities for direction of change when
anagenesis or cladogenesis occurs (unbiased model). The

Table 3
Example of output files

magnitude of change is equal in both dimensions and the
probability of stasis is equal to the probability of change
by anagenesis. At the end of the simulation, a subroutine
is run in order to extract two monophyletic subclades in
addition to the main clade. Simulation is performed with
initial inputs based on empirical results obtained from a
Cenozoic radiation of mammals (Alroy, 2000): the
origination rate is 0.296 Lmyr and the extinction rate
is 0.275Lmyr (in line with the mean rate over 70 Ma
from Alroy’s data); the time span is 70 myrs. Arbitrarily,
a step is understood as representing 0.2myr and so
simulation is performed in 350 steps. Steps are grouped
into 14 bins, which represent durations of 5myr. Then, a
second subroutine is run to artificially alter the data and
so simulate an incomplete, time-averaged fossil record.
For each step, the species obtained are sampled
randomly with a probability of preservation of 0.35
per myr (from the result for Cenozoic mammals
reported by Foote and Raup, 1996). Preserved occur-
rences of species are regrouped within bins. The average
morphology of a species encountered in all its sampled
occurrences is used throughout its range. This latter

Analysis summary

A)

Analysis performs: SGA

Number of PCs retained: 2

Rescaling PCs on eigenvalues: n
Rarefaction: y: rarefaction size used: 4
Number of bootstrap resampling: 200
Upper-lower values: =+ Istdev

Sample size  Rarefaction size  Interval Group Sum of ranges Stdev SR Upper value SR Lower value SR
2 2 1 1 1.48 1.54 3.03 —0.06

4 4 2 1 9.35 2.66 12.01 6.68

13 4 3 1 11.83 4.80 16.64 7.03

10 4 4 1 15.53 5.54 21.08 9.99

13 4 5 1 22.06 7.41 29.47 14.65

14 4 6 1 22.18 8.91 31.09 13.27

(B)

Analysis performs: BTailTest

Number of PCs retained: 2

Rescaling PCs on eigenvalues: n
Rarefaction: none

Number of bootstrap resampling: 10,000
Upper-lower values: none

Disparity metric used: partial disparity

Group Observed p two-tail  p upper one-tail  p lower one-tail
1 327.09 0.9295 0.4649 0.5351

2 288.09 0.0178 0.9911 0.0089

3 199.28 0.000000 1 0.000000
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subroutine is close to a classical method of sampling in
disparity studies where one species per genus is sampled
and used throughout the stratigraphical range of the
genus (e.g., Eble, 2000a). So, from this simulation three
data files (morphology, occurrence and group) are
obtained and used as MDA input files.

4.1. Temporal patterns of disparity

In this case, the SGA option is used with (i) no
rescaling of axes (since they represent crude characters),
(if) no CI, (iii) 200 bootstrap resampling iterations and
(iv) a rarefaction size equal to the second minimum
sample size observed (n =4, t= 65Ma). Two main
figures are displayed. The first corresponds to the error
bar plot of disparity estimates for 14 temporal bins
(Fig. 1A). The 10 disparity descriptors display similar
patterns of increase through time. However, range-based
descriptors display a more monotonic pattern than the
variance-based ones. The high error bar on the range-
based descriptors is due to the small rarefaction size,
which is a common problem when analyzing evolu-
tionary radiations. The variance-based pattern exhibits
more marked increases and plateau phases (near
constant disparity). This pattern may be viewed as the
reflection of modification of the morphospace structure
with a discontinuous occupation of morphospace.
Although descriptors tend to be correlated with each
other, their responses to modifications of the morpho-
space, such as selective extinction (Foote, 1991), the
splitting of morphospace occupation or bifurcation
(Ciampaglio et al., 2001), can be very different and so
a combination of different descriptors provides a clearer
picture (Ciampaglio et al., 2001). So, discordances
between disparity metrics can be observed, for example,
after 25Ma between the sum of variances, the root
product of variances or the median pairwise distance.
The second figure displayed shows the rarefied estimate
of the location parameters on each axis of the morpho-
space (Fig. 1B). Estimates on character 1 show a first
period where two estimates display similar behavior, and
then, estimates display a disjunction in their behavior
(a stasis for the Max and a decrease trend for the Min).
This point of disjunction corresponds to the time of first
net increase observed in some disparity estimates.

All of the patterns observed above relate to the
diversification of the entire clade. But, the evolutionary
history of a clade is a composite message of the history
of subclades, which may exhibit, for example, relayed
diversifications, competitive interactions, original mor-
phological innovation, and different origination or
extinction rates (see Jablonski, 2000, for a summary),
thereby inducing specific evolutionary dynamics for each
subclade and discordances with the pattern of the clade.
Contrasting clade and subclade patterns account for the
composite overall history. Disparities specific to the

subclades can be viewed in terms of ““internal’ disparity
(disparity specific to the subclade) and partial disparity
(i.e., part of the overall disparity due to the subclade).

4.2. Temporal patterns of disparity of the two subclades

Internal disparity is analyzed in order to reveal
patterns of diversification of selected subclades, as
opposed to the entire clade. In this case, the MGA
option is used with the same parameters of analysis as
for SGA. Both main figures (obtained by SGA) are
replicated for the number of groups in the input file
(here two). Only one disparity estimate is presented here
(the mean pairwise distance, Fig.2A). The two sub-
clades exhibit very different patterns from one another
and from the clade (cf. Fig. 1A). For example, these
patterns could be compared with patterns of diversity
(Fig. 2B). Whereas the whole data set is random and
that consequently no evolutionary or ecological forcing
mechanism is operating, the two subclades mimic a
replacement pattern (e.g., competition between the two
subclades). Moreover, periods of diversification of each
of the two subclades seem to support fluctuations in the
clade overall.

4.3. Temporal patterns of partial disparity

A partial disparity analysis is performed in order to
extract that part of disparity that can be attributed to
subclades. In this case, the question is: which part of the
clade’s diversification is supported by which subclades?
In this case, the PDA option is used with same initial
parameters as in the previous two analyses but a CI of
95% is chosen, represented by an error bar. The same
subclades analyzed previously are used. The figures
(Fig. 3) plot temporal series of the partial disparity
metric for each group. The first and last periods of the
overall disparity seem to be supported by one of the two
subclades (Fig. 3). The plateau phase does not seem to
be explained by these two subclades. So, for their
periods of domination, the two subclades seem to
account for the majority of the pattern of overall
disparity, and this despite their low diversity. So, it can
be expected that species of these two subclades are
located essentially in peripheral regions of the morpho-
space. In this case, their removal should induce a major
decrease in the estimation of disparity.

4.4. Impact of the subclades on overall disparity

A bootstrap tail test is performed in order to estimate
the impact of removing one subclade (the subclade 1
then the subclade 2) on overall disparity: the BTailTest
option is used with 10,000 bootstrap replications on the
partial disparity estimator. The groups are modified to
represent species less the subclade species. The overall
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Fig. 1. Outputs from SGA corresponding to 10 estimates of disparity over time and two location estimates. (A) Disparity estimates.
(B) Location estimates. Error bar represents +one standard deviation calculated from 200 bootstrap replicates (rarefied to n = 4 or

not).

morphospace is analyzed. The observed partial disparity
of each group (the whole data set minus subclade 1 or 2)
is compared with the bootstrap distribution (10,000
replicates) of the disparity of the entire clade using the
partial disparity metric. Estimates of probabilities are

displayed in the workspace if the “save numerical
results’ option is selected (Table 3B). Because disparity
can either increase (omission of more centralized taxa in
the morphospace than the larger group) or decrease
(omission of morphologically peripheral group) when a
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Fig. 2. Examples of outputs from MGA. (A) Disparity estimate
is mean pairwise distance. Error bar represents+one standard
deviation calculated from 200 bootstrap replicates. (B) Diver-
sity of three monophyletic clades and subclades (diversity equal
to number of species sampled in bin).

group is omitted, all tests are two-tailed (Foote, 1993).
As suggested by this author, tests in partial disparity
only evaluate the probability that the observed effect of
a group would disappear if the study is repeated. The
results (Fig. 4) show that when the subclade 2 is omitted
a significant decrease of disparity is observed. So,
subclade 2 supports a major part of the overall disparity.
This decrease in disparity shows that this subclade
occupies an original peripheral morphological region
within the morphospace. Similar results are obtained for
subclade 1 but with lesser intensity. This can be
explained by the fact that the period of diversification
of this subclade is mainly at the beginning of the
radiation when disparity is low. The importance of this
clade in the early stages is dwarfed by the significance of
the last period in the overall disparity.

5. Conclusion

The great development of morphospace-disparity
analysis in paleobiological studies, and the challenge of
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Fig. 3. Outputs from PDA corresponding to partial disparity
over time of three clades. (A) Error bar represents a 95% CI
calculated from 500 bootstrap replicates. (B) Disparity history
of clade divided up into additive contributions made by two
subclades selected and all others combined. This figure is not
displayed initially but can be easily constructed from output
data file.
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Fig. 4. Outputs from BTailTest. Bootstrap distribution of
overall disparity (time averaging) and probabilities yielded by
removal of one subclade and observed value of partial disparity.
Test is based on 10,000 bootstrap replicates. Because disparity
can either increase or decrease when a group is omitted,
probabilities correspond to two-tailed tests.
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extending them to other disciplines, require the devel-
opment and use of various complementary metrics. It
would allow to apprehend state-space patterns in terms
of features such as dispersion, aggregation and location
in order to extract complementary quantitative informa-
tion about the way state-space is structured. The
patterns obtained can then be contrasted with other
biotic (e.g., extinction, origination rates) or abiotic (e.g.,
environmental proxy) information. State-space is sample
dependent and so is biased by the analytical procedure.
The MDA program offers various alternative tools for
examining patterns of a state-space and procedures to
correct for sample dependence. The versatility of MDA
means that data can be explored quickly and the most
interesting patterns extracted with minimum effort. The
program can be easily applied to a wide range of
problems involving state-space. In addition, this code
can be modified easily and quickly for extension to other
metrics.
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